System Description
As stated earlier, the design goal of RAN was to operate at a fan speed of 12,746 corrected rpm while maintaining concentricity within 0.005 inches and a fan tip clearance with the nacelle of 0.020 inches. A twostrut configuration was selected to support the nacelle externally, extending horizontally from the nacelle to the test section wall ( Fig. 2) . A nacelle support system with two thin struts was selected over a single thick strut of equal rigidity to help minimize the acoustic disturbance of the support. In addition, the struts were positioned on the opposite side of the nacelle with respect to the acoustic microphones, so that they were in the "shadow" of the nacelle and therefore acoustically invisible. To further reduce any chance of acoustic impact, aerodynamic leading and trailing edges were added to the struts (Fig. 3 ). These struts also provided an ideal means for routing hundreds of instrumentation, electric and cooling lines to the model. A combination of parameter constraints in the software, limit switches, and hard stops ensured that the concentricity error could not reach the point where the fan blades would come into metal-to-metal contact with the nacelle.
In addition to the software and hardware Analysis and Verification An extensive analysis and verification effort was undertaken to ensure that the RAN system was structurally, dynamically and aeroelastically safe. As described earlier, the hardware was designed to accept significant incursions of the fan tips into the rub strip without damage to the fan or the rest of the model hardware.
The drive rig in the 9'x15' LSWT utilized an automatic shutdown capability which was triggered whenever a facility-critical parameter, such as bearing temperature, vibration, etc., exceeded its limits. As the thrust load from the fan relieved, the drive rig would quickly displace back toward its static position.
Because the positioning system was not designed to control for rapid displacements, a significant fan incursion into the rub strip was possible, and stabilizing/containing such a violent event was a critical design consideration.
Consequently, low-density polyurethane foam was selected for the rub strip material.
An analytical model was developed to verify the rub stability for a range of rub strip material densities (10 to 40 lb/fi3). A test apparatus and procedure was also developed to validate properties of the material used in the rub stability analysis.
Because the fan and nacelle were decoupled, each was subject to a range of dynamic and steady loads that would result in relative motion between two.
Due to the independent motion of the fan blades and the nacelle, it was possible that a rub against the nacelle could cause instabilities in their relative motion. The resulting "fan bounce" could cause damage to the fan and/or unsafe conditions in the wind tunnel.
Since the clearance between the fan blade tips and the rub strip was anticipated to be 0.020", the entire system had to be designed and analyzed very prudently. Due to the random characteristics of loads on the test structure, a probabilistic analysis of the loss of clearance was deemed necessary.
The objective of the probabilistic analysis was to analyze/design the RAN system such that the probability of exceeding the design clearance requirement of 0.020" was minimal and the margin of safety acceptable.
The entire analysis/design effort was divided into the following four main parts:
(1) preparation of a detailed finite element model, as shown in Fig. 10; (2) developing a methodology to quantify the probability of exceeding the design clearance;
(3) verification of the methodology; and (4) computing the probability of exceeding the clearance for the actual RAN system. Thefinite element model included the nacelle, struts, fan drive rig, the connections between nacelle and struts, the positioning table,  the connections  between  the  positioning  table  and  struts,  and   the positioning  table  bearings. A probabilistic methodology was developed and consisted of:
(1) computing the frequency domain random loads (power spectral density [PSD] functions),
(2) performing the random vibration analysis, (3) quantification of the probability of loss of clearance using barrier crossing analysis.:
To verify the methodology, a single strut typical of the design used in the RAN system was mounted to the tunnel wall without a nacelle and fan to determine the flow induced vibrations and its dynamic response.
The methodology was applied to a finite element model of the strut and the computed dynamic characteristics were compared with those from the tests.
The experimentally extracted damping was used in the analysis.
A comparison of the free vibration analysis results with the test data ( Table 2) shows excellent correlation.
The mode shape correlation is given in Table 3 , and is considered good when the diagonal terms are between 0.9 and 1.0 and the off-diagonal terms are between 0.0 and 0.1. The first two modes are all in or near these ranges. However, the correlation for the third mode (torsional) and its related off-diagonal terms are not as close as expected, mainly due to insufficient instrumentation required to capture the torsional effect.
The torsional mode was not expected to contribute significantly to the loss of clearance due to its high frequency;
it was computed mainly to verify that the first two modes of vibration contained 99% of the energy. To provide further confidence in the model, the computed accelerations of the struts at different locations were compared with those from the test data.
The experimental and analytical results, as well as their trends, compared well, which provided confidence in the methodology used. A full report of the comparison of this acceleration data has been omitted for brevity. 4 The flutter analysis using the PK method showed that the system has enough structural and aerodynamic damping to absorb the aerodynamic loads up to 181 Hz vibration frequencies and shows no sign of flutter. 5 Since the system was not expected to respond beyond 181 Hz frequencies, the flutter analysis for higher modes was deemed unnecessary. Thus, the RAN support system was found to be stable with regard to divergence and flutter up to Math 0.2.
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Hardware Checkout
and Installation
Prior to installation in the 9'x 15' LSWT, a comprehensive checkout of RAN positioning system was completed.
The RAN traverse table was floormounted and qualified with the same hardware that would be used in the wind tunnel (Fig. 11) . The target centerbody (w/machined fiats) was mounted to a controllable two-axis traverse system (Probe Actuator Control System, or PACS) that provided motion with a resolution of 0.001 inches, allowing the RAN system response to be compared against known inputs. Checks included manual and automatic operability, sampling rate, vibrational response, and failure modes. Since the main design goals of the RAN system was to prevent a fan rub into the casing, the checkout was conducted with verification of fail-safe operation as the principle objective.
However Consequently, modifications were needed to improve centering performance and decrease the positioning deadband.
Thermal drift in the laser sensor readings was the major contributor to displacement error; therefore, a three-pronged approach was utilized to counteract drift. First, the Recently, a design was completed that integrates a third axis that corrects for axial displacement of the fan and drive rig. Future testing using the RAN system will also include improvements to the laser sensor thermal control system to reduce the sensor positioning error due to thermal loads. In addition, a data recording system will be installed to log laser sensor outputs and sensor operating temperatures at both steady and transient operating speeds.
Characteristic Final Initial
Resolution of Motion 0.0001 in. 0.0001 in. 
Sampling

Conclusions
The Rotor Alone Nacelle (RAN) system was a unique design that allowed the acoustic testing of an isolated fan within the nacelle of a modem turbofan model in the NASA Glenn 9'x15' Low Speed Wind Tunnel. Prior characterization of the fan and drive rig motion showed that displacement was not predictable enough to exclude an active nacelle positioning control system; the data from the RAN project strongly supported this finding.
The RAN system can maintain relative position of a decoupled nacelle with respect to an operating fan with high accuracy and precision. As 
